This work is part of the "Plan for the Selection and Characterization of Favorable Areas and Structures for Geological CO 2 Storage in Spain, ALGECO2, (2010-2014)" carried out by Instituto Geológico y Minero de España (IGME) and financed by Instituto para la Reestructuración de la Minería del Carbón y el Desarrollo Alternativo de las Comarcas Mineras under the Ministry of Industry, Energy and Tourism of Spain. In this context, a 3D static geological model and simulation of the dynamic behavior of the storage for the Villameriel structure was made, in order to implement a methodology for characterization of structures for geological storage of CO 2 , in accordance with the provisions of the Law 40/2010 that regulates the geological storage of CO 2 in Spain
Introduction
The Geological Survey of Spain (IGME) is currently developing a program of Subsurface Geology and CO 2 Geological Storage Site screening and characterization. The aim of the program is to increase the knowledge of the subsurface structure of the country establishing methodologies for the determination and evaluation of favorable structures for underground CO 2 storage. In this context, the IGME determined a series of favorable structures (103) for underground CO 2 storage in saline aquifers [1] . A common methodology was established for the characterization and detailed modelling of potentially favorable areas, in accordance with the EU Directive 2009/31/EC and the Spanish Law on CO 2 storage, and applied to some of these structures. The Villameriel structure, presented in this paper, is one of the selected sites for detailed modelling and characterization. A 3D static geological model and a 3D dynamic model for CO 2 injection are presented.
Geological settings
The Duero Basin is located in the northwest quadrant of the Iberian Peninsula. It has been traditionally regarded as a foreland intraplate basin with complex evolution beginning at the end of the Cretaceous. Depending on its tectosedimentary features several sectors are distinguished, including the North-Central Sector which behaved like a foreland basin of the Cantabrian Range whose development is closely related, at least since the Eocene. The most active area is near the border with the Cantabrian Range, where the maximum thickness are reached which may exceed 2,000 m.
The Cenozoic Duero basin extends over the autonomous community of Castilla-Leon, comprising the entire province of Valladolid and part of Segovia, Avila, Burgos, Leon, Palencia, Zamora and Salamanca and continues towards La Rioja down the Cenozoic deposits that connects it with the Ebro Basin.
The Cenozoic fill materials of the Duero Basin consist of a powerful sedimentary series whose thickness can exceed 2,200 m. and deepens to about 4,000 m in the Cenozoic deposits of Rioja. The age of the sediments is Paleogene and Neogene with continental origin. Underlying these sediments are the "Garumn" materials directly overlying the Cretaceous (upper or lower).
In the western margin of the basin, considered as the passive margin, Paleozoic materials can also be found due to erosion as the Mesozoic materials which are progressively wedged from West to East, as Triassic, Jurassic and Cretaceous materials disappear [2] .
It should be noted that before the configuration of the Duero Depression, the Iberian or Hesperian Massif (consisting mainly of shale, granite and quartzite) is partially covered by limestones, dolomites and sandstones, resulting from the successive marine transgressions produced from the east, during the Mesozoic. The western limits of these transgressions are the Burgos meridian (approximately on the Hormazuela river) for the Triassic and Jurassic, and Leon-Avila line for the Cretaceous. These cover materials are also present in the active borders of the Depression, being more important in the North and East (Cantabrian Coordillera and Iberian Massif, respectively).
The Cretaceous deposits rest unconformably on a mainly Paleozoic substrate in north-eastern part of the basin of Triassic and Jurassic nature. The Upper Cretaceous series wedges and disappears to the west. In the most western part the Lower Cretaceous series also dissapears with no surface outcrops presence in the Paleozoic outcrops in northwestern margin of the Duero Basin.
The Lower Cretaceous (first post-rift Cretaceous series) present in the Duero Basin, is represented mainly by the Albo-Cenomanian sequence containing the sands of the Utrillas Fm. This deposit is made up of continental fluvial sands alternating with clays and occasionally lignites and sealed by an overlying clayey or marly formation constituting the main CO 2 storage objective in the area.
Site selection and characterization
The characterization and modeling work presented correspond to an area of the Duero Basin Cretaceous substrate in the NE part underlying the Cenozoic. The study area is part of a fold dipping north and mainly limited by reverse faults that do not usually outcrop in the surface (Figure 1) . This area takes its name from hydrocarbon research survey Villameriel-1, located on an antiformal structural thrusted trap (target area).
The lateral homogeneity (observable by correlation) and good porosity make the Utrillas sands the main objective. It is a clastic storage formation, saturated in salt water, with Albo-Cenomanian age, and sealed by Cenomanian marls. This siliciclastic Utrillas storage formation consists of fine to coarse sands and gravels with clayey and marly levels that become more frequent towards the top (caprock formation). In the Villameriel-1 well the Utrillas sands appear directly overlying the Paleozoic series, and show a salinity of about 60,000 ppm of the formation water.
